Governments and national agencies, including the American Academy of Pediatrics, the Canadian Paediatric Society and the Australian Department of Health have issued public health guidelines for screen use by young children (Canadian Society for Exercise Physiology [@CR4]; Council on Communications and Media American Academy of Pediatrics [@CR11]; Department of Health [@CR12]), while an understanding of contemporary screen use by young children and its impacts lags behind. These guidelines are created to help parents and families navigate technology use practices of their children.

Previous guidelines have been revised due to the changing nature of screens in families (Przybylski and Weinstein [@CR36]), childcare, and educational needs (Commonwealth of Australia [@CR10]), including the increasing availability of mobile touch screen devices (MTSD) such as smartphones and tablet computers. In 2017, adult smartphone ownership in Australia was at 88% (Drumm et al. [@CR14]), and in the US in 2018, adult smartphone ownership was at 95% (Pew Research Center [@CR34]). Smartphone use is becoming ubiquitous with a recent Australian study reporting 70% of adults use their phones during mealtimes with family and friends (Drumm et al. [@CR14]).

Increasingly, MTSD are also being used by children, even young children. In 2017 children in the USA under the age of 8 were reported to spend close to an hour per day using a MTSD (Howard [@CR21]) and in 2014 75% of 4-year olds owned their own mobile device (Kabali et al. [@CR24]). A study of 3--5 year-olds in the USA published in 2018 found parents reported more than 3 h of mobile device use by their children (Beyens and Nathanson [@CR2]). Parents report that there are large differences in weekday and weekend screen use and by device due to differences in schedules and parental regulations (Solomon-Moore et al. [@CR42]). There have been limited endeavors to validate measures of screen use (Saunders and Vallance [@CR40]). In order to create and implement applicable screen use guidelines, policymakers should have an understanding of the complex screen use behavior of young children and their families.

Anecdotal evidence suggests that parents are providing tablets and smartphones for their young children for a mix of educational and recreational use. Observations of young children suggest they are drawn to the fun aspects of tablet and smartphone use, with the intuitive gesture-based touch screen interface enabling even very young children to be independent in playing games, watching videos, etc. Research has found that children from ages 2 to 4 in India were able to scribble and draw using a smartphone app (Yadav and Chakraborty [@CR51]). They are also being given to children by parents as a way to calm children (Radesky et al. [@CR37]). Further, anecdotal evidence shows mass media are encouraging parents to give children an advantage at school by providing them with a tablet and educational apps. Early childhood educators are also being encouraged to teach young children to be competent users of technology (Commonwealth of Australia [@CR10]; Paciga and Donohue [@CR33]). However, little empirical evidence on the purpose of use of MTSD by young children currently exists in the literature.

The recent screen use guidelines have been prompted by a growing concern about the effects of MTSD use on physical and mental health, well-being and general development including musculoskeletal discomfort (Toh et al. [@CR48]), family interactions (Carlson et al. [@CR5]), and learning (Domingo and Gargante [@CR13]). Whilst much of this interest has been focused on adults, adolescents and older children (Vernon et al. [@CR49]), there are now growing concerns from parents and professionals for young children's physical, social and cognitive development (Anderson and Subrahmanyam [@CR1]; Straker and Howie [@CR47]; Zabatiero et al. [@CR53]). Laboratory evidence suggests use of tablet computers may have physical effects on young children's activity and posture (Howie et al. [@CR22]), and tablet use by preschoolers has been associated with sleep disturbances (Nathanson and Beyens [@CR32]). Parents are reported to have both positive and negative attitudes about young children using screens (Kostyrka-Allchorne et al. [@CR27]; McCloskey et al. [@CR30]; Zabatiero et al. [@CR53]). Positive ideas relate to interactive child games potentially encouraging positive parent-child interactions (Skaug et al. [@CR41]) and potentially enhancing learning (Radesky et al. [@CR38]) but increased screen use may have negative effects on social interactions (Hinkley et al. [@CR17]). Similarly early childhood educators have both positive and negative attitudes about screen use by young children, recognizing the potential to enhance learning and the potential for harm (Zabatiero et al. [@CR53]). Evidence from earlier generations of technology suggest that it is not just the total time of use that is important, but that different devices may result in different effects (Straker et al. [@CR43]) and that the effect of technology use can depend on the purpose of use (Council on Communications and Media American Academy of Pediatrics [@CR11]; Radesky et al. [@CR38]).

This growing use and potential consequences for children's social, emotional, mental, and physical development have resulted in the recent updates to screen technology use recommendations from national health organizations (Canadian Society for Exercise Physiology [@CR4]; Council on Communications and Media American Academy of Pediatrics [@CR11]; Department of Health [@CR12]). However, these authorities have had to meet the real world need for guidance with very limited evidence regarding the current patterns and purposes of use by children and their parents and also very limited evidence on the impacts of this MTSD use. Research on the techno-microsystem has found that internet use of specific types, within specific contexts was associated with children's social, emotional, physical and cognitive development (Johnson [@CR23]). The techno-microsystem is an ecological model that highlights the reciprocal interactions of child characteristics, technologies, and the environment. It specifies multiple uses of technologies including communication, information and recreation across multiple settings such as school, home and community. To better understand the developmental implications of technology use in young children, it is important to better understand the use and context, including family use, that contribute.

An important step to better understand the implications of MTSD use, and thus provide evidence to inform health and education guidelines (Straker et al. [@CR45]), is the development of a reliable, valid, and feasible measure to capture family screen technology use (Saunders and Vallance [@CR40]). Given the potential differential effects of device and purpose of use as proposed by the techno-microsystem (Johnson [@CR23]), exposure assessment needs to be at this detailed level. Currently, to our knowledge, there is no such measure that can be used to assess comprehensive screen technology use including the access, duration, frequency and purpose of use for multiple devices including MTSDs, television, computers, and electronic games.

In summary, to provide better information to families and others supporting families with young children regarding appropriate use of MTSD it is important to understand the contemporary use of these devices within the family context, including details on the devices used and the purposes of use. To develop such an understanding, a reliable and valid tool is required to capture details of screen use in families. Therefore, the objectives of the study were:To evaluate the reliability and face, content and construct validity of the Technology Use Questionnaire *Parent report version* (TechU-Q(parent)) and Technology Use Questionnaire *Adult version* (TechU-Q(adult)). It was hypothesised that the TechU-Q would have face and content validity confirmed by users and an expert panel. In relation to construct validity, it was hypothesised that parents' technology use would be higher among those with sedentary occupations, children's outdoor play would be associated with lower technology use, and more positive parent perceptions would be associated with higher technology use in their children.To provide a detailed description of technology use among young children and their parents including by device and purpose of use. It was hypothesised that the technology use of young children would be positively related to the technology use of parents.

Methods {#Sec1}
=======

Participants {#Sec2}
------------

The convenience sample consisted of parents of young children attending participating childcare settings between January 2016 and January 2018. Three settings were selected to represent a range of factors potentially contributing to children's technology use and parental understanding of questionnaires. Settings: (1) a private not-for-profit childcare organization catering for predominantly low SES families in metropolitan Perth, Western Australia, (2) a university childcare center in metropolitan Perth and, (3) a university childcare center in a town in central United States. Parents completing the survey had to be English speaking, 18 years or older, and be a primary caregiver to a child from 0 to 5 years of age. Participating parents completed the TechU-Q(adult) for their own technology use and the TechU-Q(parent) for the technology use of their child(ren). The study was approved by Curtin University and University of Arkansas Institutional Review Boards.

Procedures {#Sec3}
----------

Information on the study was distributed to all parents with a child attending the participating childcare settings. The online baseline survey was distributed to all parents through an email link sent by the childcare setting. Informed consent was obtained as the first part of the questionnaire, before entering personal information and beginning the questionnaire content. Hard copy surveys were available as an alternative, upon request. During initial survey completion, parents were asked to provide their email address and a unique name to enable matching to the repeated survey. No complete names or further identifying information were collected.

Measures {#Sec4}
--------

The Technology Use Questionnaire (TechU-Q) was developed utilizing 20 years of experience collecting parent and child reports of technology use (Harris and Straker [@CR15]; Harris et al. [@CR16]) and existing published surveys of child technology use (Hinkley et al. [@CR18]; Houghton et al. [@CR20]). Initial construction of the TechU-Q was conducted through an iterative process involving technology use experts and pilot tests with users. Versions were prepared for parent-proxy report of young children's (birth to 5 years) use (TechU-Q parent), children's (8--17 years) self-report (TechU-Q child -- see Straker et al. for reliability and validity evaluation details (Straker et al. [@CR44])) and adult parent self-report (TechU-Q child). The TechU-Q was pilot tested for feasibility in a sample of over 150 parents of young children (Coenen et al. [@CR9]).

TechU-Q includes questions on frequency, duration and purpose of weekday and weekend day use of multiple technology devices (television, computers, tablet computers, mobile phones, and electronic games). For young children, parents were asked to report the amount of time using each device for each purpose: educational activities, social networking, watching videos, playing games, and other general use. Parents were asked about the proportion of their own use of each device for each purpose: occupation, social networking, watching videos, playing games, and other general use. An example question from the parent-proxy questionnaire is "Over a typical Monday to Friday period, on how many days does your child use screen devices?" (drop down menu for number of days) followed by "On each of these weekdays, for about how long does your child use screen devices per day?" (drop down menu from 5 min to 12 h or more). Total technology use and device specific use was tabulated by multiplying duration of use by frequency of use for both weekdays and weekend days. The survey was administered using the Qualtrics (Qualtrics, Provo, Utah, USA) platform. The complete online version of the questionnaire is available by request from the authors.

Demographic information including date of birth, gender, postcode, parent education, and occupation were obtained for both the adult and (where relevant) their child(ren) as per prior studies (Straker et al. [@CR46]).

### Reliability {#Sec5}

To provide estimates of test-retest reliability, the same questionnaire was re-distributed directly using the provided email address to participants 2 weeks following the date of the initial baseline completion in settings 1 and 2 only.

### Face validity {#Sec6}

Face validity was explored with parents. Qualitative methods were used to assess the face validity of the TechU-Q(*parent)* and TechU-Q(*adult)* among end-users. Questionnaire comments were provided and semi-structured interviews were conducted with a convenience sample of parents of young children. The interviewer asked prompted questions on feasibility, comprehension, comprehensiveness and accuracy. Additionally, the interviewer checked comprehension by asking the participants to elaborate on answers to the questionnaire. Questions were asked separately for TechU-Q(adult) and TechU-Q(parent). The interviewer completed detailed field notes during the interviews.

### Content validity {#Sec7}

To further establish the content validity, 10 experts in research of technology use by children, measurement and activity and task behaviors, and childcare professionals were sent the questionnaire along with a brief description of the intended constructs to measure. Experts were asked to respond to the following questions as well as to provide any additional comments: (1) Were the exposure categories appropriate for technology use by young children, adolescents and adults to capture meaningful duration and frequency of use and (2) Were any common technology devices not included?

### Construct validity {#Sec8}

Construct validity was explored through associations with parental use, parental perceptions and children's physical activity. Additional questions on perceived risk, benefits and concerns of parents regarding technology use were collected. These questions assessed parents' perceptions of educational, social, physical and overall risk of MTSD use. It was hypothesized that more positive parent perceptions would be associated with higher technology use in their children. Parents were also asked about their child's level of outdoor play as an indicator of overall physical activity level, as it was hypothesized that outdoor play would be negatively associated with technology use. Total outdoor play, weekly outdoor play, and weekend outdoor play during both warmer and cooler months was calculated. The outdoor play questions have been related to objectively measured physical activity and total weekly outdoor play with a one week intraclass correlation (ICC) of 0.41 in children reported (Cleland et al. [@CR8]).

Analysis {#Sec9}
--------

To assess the test-retest reliability, intraclass correlations (ICC) were calculated for total technology use volume for young children and adults separately, and separately for each device. ICC's ≥ 0.9 were considered excellent, between 0.75 and 0.9 was good, between 0.5 and 0.75 was moderate and \<0.5 was poor (Koo and Li [@CR26]).

### Face Validity {#Sec10}

Face validity was assessed by analysis of the interviews with parents.

### Content Validity {#Sec11}

Content validity was assessed by analysis of expert review comments.

### Construct Validity {#Sec12}

Construct validity was assessed using Cronbach's alpha, principal components analysis and correlations with hypothesized convergent and divergent constructs. Cronbach's alpha was calculated on the volume of use (product of duration of use of each device and frequency of use) separately for children and parent technology use, standardized as rank order questions to determine if the questions for multiple devices are measuring a single construct. It was hypothesised that the TechU-Q would have low internal consistency, thus providing evidence that multiple device questions need to be asked. A principal components analysis was conducted on the frequency-duration products, separately for children and parents, to further assess the construct differences between devices. Eigen values, factor loadings, variance explained and conceptual interpretation were used to determine the number of factors retained. For children, spearman correlations were determined between children's technology use and parent attitudes towards technology. It was hypothesized that parents with higher perceived risks and lower perceived benefits of technology use would report less use by their children. Spearman correlations were also determined between children's technology use and total weekly outdoor play. It was hypothesized that children with lower levels of outdoor play would have higher levels of technology use. For adults, overall technology use was compared by occupation type using Krusak-Wallis tests. It was hypothesised that adults with an office job would have higher computer use compared to physical labor occupations.

Description of Technology Use in Children and Parents {#Sec13}
-----------------------------------------------------

Descriptive statistics were calculated on the overall use, device-specific use, and purpose-specific use for both young children and adults and for parental attitudes of technology use. Means and standard deviations are presented in the text, however the same pattern existed across devices when medians and 25th--75th intervals were examined. Technology use distribution was found to be non-normal, thus appropriate non-parametric tests were used. Findings were compared across the three settings using Kruskal-Wallis tests. Spearman correlations were used to test the associations between child technology use and parent technology use. Due to the nested structure of the data within settings, data was group-mean centered to account for effect of setting (Meinck and Rodriguez [@CR31]).

Results {#Sec14}
=======

Table [1](#Tab1){ref-type="table"} shows the characteristics of the participants (*n* = 96 reporting on total technology use, mean age = 3.0 years, range 5.5--64.3 months) at the three settings. As expected, parents in setting 1 had lower educational achievement, less sedentary work and more children.Table 1Characteristics of participating parents and their children, Mean (SD) or %Total (*n* = 96)Setting 1 (*n* = 31)Setting 2 (*n* = 48)Setting 3 (*n* = 17)Child gender (% female)51.5%46.7%60.4%35.3%Child age (years)3.0 (1.1)3.2 (1.1)2.7 (1.1)3.5 (0.8)Siblings (% with at least one sibling)55.2%61.3%47.9%64.7%Child outdoor time (mean (SD) min/day)82.2 (46.6)91.2 (42.4)81.5 (48.1)67.8 (48.1)Parent gender (female)88.5%93.6%87.5%82.4%Parent age (years)36.9 (5.0)37.9 (4.8)35.8 (5.3)37.9 (4.3)Parent education level (% postgraduate degree ie Master's or Doctorate)47.9%38.7%45.8%70.6%Parent occupation (% sedentary job)78.1%67.7%79.2%94.1%

Test-retest Reliability {#Sec15}
-----------------------

The test-retest reliability of parent-reported child technology use ranged from an ICC of 0.20 for laptop use on weekdays to 0.96 desktop use on weekends, as seen in Table [2](#Tab2){ref-type="table"}. Fifteen of the 18 ICCs were moderate to excellent. ICCs could not be calculated for electronic game device use due to minimal reports of use. Test-retest reliability of parent self-report of technology ranged from and ICC of 0.39 for tablet use on weekdays to 0.91 for total laptop use. Thirteen of the 18 ICCs were moderate to excellent, again excluding electronic game use due to low numbers.Table 2Test-retest reliability (ICC (95%CI)) for parent report of child technology use and own use on weekdays, weekend days and total week (Settings 1 & 2 only)*n*Weekday*n*Weekend*n*TotalChildTV270.58 (0.27, 0.78)240.64 (0.33, 0.82)240.72 (0.44, 0.87)Desktop240.91 (0.80, 0.96)240.96 (0.91, 0.98)240.92 (0.82, 0.96)Laptop270.20 (−0.21, 0.54)250.35 (−0.05, 0.65)250.25 (−0.16, 0.59)Tablet240.50 (0.12, 0.75)240.93 (0.85, 0.97)240.75 (0.50, 0.88)Mobile260.92 (0.83, 0.96)230.88 (0.73, 0.95)230.90 (0.79, 0.96)Total tech250.70 (0.42, 0.86)240.70 (0.42, 0.86)250.71 (0.44, 0.86)ParentTV250.43 (0.05, 0.70)240.85 (0.65, 0.93)240.58 (0.24, 0.79)Desktop240.64 (0.33, 0.82)220.49 (0.08, 0.75)220.64 (0.32, 0.83)Laptop240.89 (0.76, 0.95)240.78 (0.55, 0.90)240.91 (0.79, 0.96)Tablet240.39 (−0.01, 0.68)240.65 (0.34, 0.83)240.42 (0.03, 0.70)Mobile240.43 (0.05, 0.71)240.89 (0.76, 0.95)240.59 (0.25, 0.80)Total tech250.62 (0.30, 0.81)230.79 (0.57, 0.91)250.66 (0.36, 0.83)

Face Validity {#Sec16}
-------------

Parents found the questions appropriate and no major changes were suggested based on parent feedback.

Content Validity {#Sec17}
----------------

Experts commented on the content validity and made suggestions to wording and question structure. All the comments of the experts were summarized, reviewed and survey questions were modified prior to distributing survey through childcare centers based on substantial and consensus comments. Overall, experts agreed with the measured constructs and questions. No major changes were suggested based on expert feedback.

Construct Validity {#Sec18}
------------------

Cronbach's alpha was 0.26 for children suggesting low consistency between devices. Principal components analysis suggested three principal components consisting of (1) TV, (2) tablet and mobile, and (3) desktop, laptop and electronic games, as seen in Table [3](#Tab3){ref-type="table"}. Parent attitudes to technology use were typically associated with their children's technology use, with negative attitudes associated with less use and vice versa. Children's technology use was not associated with outdoor play time (total technology rho = 0.16, *p* = 0.147; TV *r* = 0.20, *p* = 0.074; tablet *r* = −0.08, *p* = 0.505; mobile *r* = −0.07, *p* = 0.550).Table 3Factor loadings from principal components analysis for daily technology use by children and parents (only loadings greater than 0.3 are shown)ChildrenParentsComponent 1Component 2Component 3Component 1Component 2TV0.960.60Desktop0.450.40Laptop0.420.37Tablet0.830.41Mobile0.500.42Handheld0.470.55Console0.420.55AVG0.470.55Rotated (varimax) factor loadings; *AVG* active video games

Cronbach's alpha was 0.80 for parents suggesting high consistency between devices. In the principal components analysis all items loaded on two principal components: (1) TV, desktop, laptop, tablet, mobile, and (2) electronic games. Parent weekday total technology use was significantly greater in those with sedentary jobs (M = 394.8, SD = 207.4) minutes per day *p* = 0.015 versus those with standing (M = 215.0, SD = 197.3) and physical labor jobs (M = 265.7, SD = 281.1). Use of TV, desktop, laptop, tablet and mobile did not differ between occupational groups (*p* \> 0.05).

Description of Technology Use in Children and Parents {#Sec19}
-----------------------------------------------------

Technology use by young children was dominated by TV on both weekdays (M = 53.6 min per day, SD = 86.6) and weekend days (M = 74.3, SD = 72.8), with tablet and mobile used less as seen in Table [4](#Tab4){ref-type="table"}. There were no differences in children's technology use on weekdays between settings. On weekends, there were differences between settings in children's TV use (*p* = 0.018), tablet use (*p* = 0.040), and total technology use (*p* = 0.044) with higher reported TV and total technology use for children in Setting 3 and lower tablet use in Setting 1. Of children less than 2 years of age, 7 out of 22 (32%) were reported to have zero technology use. Of children 2 years of age or older, 59% were reported to accumulate more than 60 min of technology use per day. Both educational and videos were the dominant purpose of use on both weekdays and weekend days for tablets and mobiles and a comparison of purposes for tablets and mobiles can be seen in Fig. [1](#Fig1){ref-type="fig"}.Table 4Technology use (mean, SD min/day) by device on week days and weekend days for young children and their parentsChildParent*n*Week*n*Weekend*n*Week*n*WeekendTV9653.6 (86.6)9573.4 (72.8)83100.6 (123.7)81133.7 (125.0)Desktop931.2 (6.9)941.5 (6.9)83234.2 (221.4)7937.6 (98.2)Laptop961.6 (7.3)952.5 (10.0)80103.3 (175.0)7846.3 (114.9)Tablet9219.5 (60.3)9423.8 (46.0)8237.1 (98.8)8241.2 (110.0)Mobile956.4 (19.4)948.2 (24.0)80142.9 (175.6)79150.1 (186.7)Handheld game^a^990.6 (6.0)990.6 (6.0)887.9 (70.4)888.9 (76.9)Console game^b^980.9 (6.5)981.2 (8.5)888.4 (76.7)888.9 (71.4)Active game^c^980.9 (6.7)980.9 (6.7)888.0 (70.4)888.7 (70.6)Total tech9662.9 (95.9)9487.3 (84.7)88360.0 (220.4)87191.4 (132.5)^a^e.g. PSP, Nintendo DS^b^Played sitting, not actively moving e.g. XBOX, Wii, PS3^c^Played actively and moving about e.g. XBOX Kinect, Wii, PS3 MOVEFig. 1Tablet and mobile weekday use by purpose for children and parents. **Educational/Work activities** include education activities e.g. reading, number puzzles, alphabet and language games, leaning colors/shapes and work activities including studying e.g. using Microsoft Office, searching information online, sending work emails; **Social activities** include social networking/instant messenger NOT for education/work e.g. Skype, Facebook, Instagram, Twitter, WhatsApp, Snapchat, texting, voice calls; **General use activities** include drawing, taking/editing photos/video, downloading songs, visiting websites, online shopping etc

In contrast, for parents, desktop computers dominated use on weekdays (M = 234.2, SD = 221.4 min per day), with substantial use of TV, laptop, mobile and tablets. On weekends, mobile phone (M = 150.1, SD = 186.7) and TV (M = 133.7, SD = 125.0) dominated for parents. Social purposes dominated for parents' use of tablets and mobiles, with substantial use for work and general use as seen in Fig. [1](#Fig1){ref-type="fig"}.

Parents reported diverse attitudes to technology use by their children with a range from strongly agree to strongly disagree for 9 out of 11 items as seen in Fig. [2](#Fig1){ref-type="fig"} and complete results compared between settings. Parents reported the highest agreement (1--5 scale with 1 being strongly disagree and 5 strongly agree) with the statements "Using mobile technology will increase the amount of time my child spends sitting" (M = 4.3, SD = 0.8) and "Using mobile technology will reduce my child's physical activity" (M = 4.0, SD = 1.0). Parents agreed with items on mobile technology being good for their child's education (M = 3.4, SD = 0.9), harming social skills (M = 3.2, SD = 1.1), making their child at risk to online predators (M = 3.3, SD = 1.1), and having overall benefits (M = 3.2, SD = 0.9). Parents disagreed with mobile technology being bad for education (M = 2.5, SD = 0.8), being good for their child's education when used in childcare (M = 2.6, SD = 1.1), improving social skills (M = 2.2, SD = 0.8), and being a risk overall (M = 2.8, SD = 1.0). Parents were neutral (M = 3.0, SD = 1.0) on mobile technology causing their child discomfort and pain. There were no differences in attitudes between settings.

Children's TV (total technology use rho = 0.49, *p* \< 0.001), tablet (*r* = 0.31, *p* = 0.006), and mobile (*r* = 0.36, *p* = 0.002) use was positively associated with their parents' use of each device respectively for total use and weekday use. On weekends, children's use was positively correlated with TV (weekend rho = 0.39, *p* \< 0.001), mobile (*r* = 0.25, *p* = 0.03) and total technology (*r* = 0.27, *p* = 0.01) use by parents. Negative associations were found between child and parent reported use of mobiles on weekends (*r* = −0.39, *p* \< 0.001), and active video games on weekdays (*r* = −0.26, *p* = 0.01), weekends (*r* = −0.24, *p* = 0.03) and total (*r* = −0.26, *p* = 0.01).

Discussion {#Sec20}
==========

The current study aimed to establish face, content and construct validity of the TechU-Q and then to use this measure to explore the device- and purpose-specific use of technology in young children and their parents. The findings support the utility of the TechU-Q with reasonable test-retest reliability and evidence of face, content and construct validity. While the reliability for individual devices was sometimes low, such as for laptop use by young children, this may reflect the low frequency and potentially sporadic nature of use. Proxy- or self-report of technology use is less desirable than objective measures for both participant burden and accuracy reasons. However, no valid, low-cost objective method of logging technology device use across the whole day and multiple devices appears to exist. Prior studies have used direct observation (Ciccarelli et al. [@CR7]), but this is very research resource intensive and having an observer nearby may alter parent or child behavior. Thus proxy- and self-report remains the only viable option for many studies, and has prior evidence of reasonable validity in comparison to direct observation by a researcher (Ciccarelli et al. [@CR7]). The current study only captured parent informed child use, however the TechU-Q could also be used by childcare staff to report on use during childcare in order to capture the whole exposure of children.

Total daily technology use by young children in this study was over an hour per day with more than half of children 2--5 years participating in more than 1 h a day of screen use. This is less than in a recent study where children under 5 were reported to watch over 75 min of TV per day and other screens for an additional half hour (Waisman et al. [@CR50]), however it is possible that parents are under-reporting children's technology use due to social desirability biases. Thus, it is likely that the majority of young children are not meeting current guidelines of less than 1 h per day of screen use for children in this age group (Canadian Society for Exercise Physiology [@CR4]; Council on Communications and Media American Academy of Pediatrics [@CR11]; Department of Health [@CR12]). This substantial exposure in young children to screens reinforces the need for a better understanding of potentially important impacts on physical, psychological and social development and the contextual information within the techno-microsystem influencing developmental outcomes (Johnson [@CR23]).

When examining which devices young children are using, TV is still the dominant technology used by these children. As much of the previous research on developmental effects of screens is based on television viewing, those findings are still relevant today (Boulos et al. [@CR3]; Lillard et al. [@CR28]; Marinelli et al. [@CR29]). Television may be a unique exposure compared to other devices as it is primarily passive and also can include a large amount of advertising, e.g. unhealthy foods, targeted towards children (Boulos et al. [@CR3]). Passive viewing of TV has been shown to decrease energy expenditure compared to resting, which may contribute to energy balance dysregulation (Klesges et al. [@CR25]). However, the current findings suggest MTSD use is a significant exposure (approximately half as much time spent as watching TV) justifying the importance of assessing exposure to this new generation of technology.

Both tablets and desktop/laptop computers are being provided to young children for a range of purposes, as reported by parents, with education a common purpose. The high percentage of educational use likely reflects the perceptions of parents that screen use is important for children's education. Whilst parents reported this use to be educational, it is unknown if the content was actually educational. Many apps claim to be educational but actually offer low quality learning opportunities that are solely rote memorization and do not take advantage of the interactive potential of technology (Hirsh-Pasek et al. [@CR19]). Educational apps can and should be further classified in varying quality for educational purposes (Cherner et al. [@CR6]). Future studies should ask about specific educational app usage for app content analysis. For practitioners, future research is needed to determine if young children 2--5 years of age who use "educational apps" are more or less successful when they transition to formal school. Although a high-quality early childhood curriculum currently does not necessarily include screen use, there may be intentionally planned uses for devices that could benefit children. As practitioners prepare children to be successful in formal schooling, understanding and knowing current technology uses has the potential to improve teaching practices.Fig. 2Parental attitudes towards children's technology use, mean 95% CI

Parents reporting a high use of screens for passive video viewing in addition to educational purposes may be more worrisome. Earlier research on TV has suggested passive consumption of screens can have detrimental effects on physical (Klesges et al. [@CR25]) and cognitive development (Lillard et al. [@CR28]). However, active engagement with screens may be more likely to lead to aggressive behavior compared to passive consumption (Polman et al. [@CR35]). Social interaction, whether live or by video, may improve the influence of screen use on child development (Roseberry et al. [@CR39]). Together these data suggest that parents need applicable and specific guidance in using MTSD in ways which promote positive outcomes for children whilst minimising the potential for harm.

The results of the current study emphasize the important role parents play in their young children's technology use. Firstly, parent and child use was positively associated for TV, tablet, mobiles and total technology use. The negative associations for active video games and laptop use on weekends was likely due to very small reported use and correlations being driven by outliers. Thus, strategies aimed at altering young children's use may also need to target parent modeling of screen behaviors. Childcare facilities are poised to implement strategies that alter children's use by offering parent education events on the effects of screen use. Secondly, parent attitudes were associated with reported child technology use, with parents having positive attitudes reporting higher use by their child and those with negative attitudes reporting less use by their child. Educating parents on the benefits and risks of technology use in young children may be a useful strategy, as part of a larger strategy, to promote appropriate use of technology in young children.

Overall, parents reported generally neutral attitudes towards young children's technology use, including use in childcare settings, which reflects the previously reported moral dilemma parents have around their children's technology use (Solomon-Moore et al. [@CR42]). Parents have knowledge of needing to limit screen use, and yet see the educational and practical benefits of it. Thus, there may be a need to reconcile current recommendations of strict limitations on screen use in young children with more practical advice of how to supervise "wise use". Similarly, as childcare settings are deciding whether or not to incorporate technology into their curriculums, they may encounter a range of parent opinions. Childcare providers must be aware of current practices and changing guidelines in order to decide how to intentionally incorporate technology and communicate to parents how technology can be used with children appropriately. Regardless, childcare settings are a key opportunity to influence parent attitudes and to teach children, and their families, about wise use of MTSDs, as parents may have limited prior experience with evolving technologies as a unique developmental phenomena (Yan [@CR52]).

Strengths and Limitations {#Sec21}
-------------------------

The current sample is not a representative sample and represented a higher socioeconomic status overall. Previous research suggests that the amount of technology use is similar across sociodemographic backgrounds, however the purpose and quality of use may differ (Harris et al. [@CR16]). Large, representative samples that capture weekly duration, frequency, and purpose of use by device are needed to understand technology use across populations and identify groups who may be in most need of education and intervention to improve the quantity and quality of technology use to achieve better outcomes for children. As previously mentioned, while there are limitations of self- or proxy-reported technology use, few alternatives exist as observation is labor intensive and technology tracking apps are limited to single devices.

Practical Implications {#Sec22}
----------------------

The current study provides for the utility of an instrument to assess technology use of young children and their parents. This may be useful for childcare providers to better understand family screen use contexts to inform areas for family education around screen use or technology skill instruction in children. Researchers can utilize the TechU-Q to further explore technology use, including monitoring changes in screen use over time, better understanding the context influences of screen use, determining the effects of various devices and purpose of use on child development, and ultimately evaluating interventions to modify screen use. It is important for both childcare practitioners and researchers to evaluate technology use within the family environment, as parent and child use are associated.

Whilst the data in this study were collected prior to the social disruptions associated with COVID-19, these changes emphasized the importance of understanding how to use technology wisely. Lockdowns enforced to reduce COVID-19 transmission had implications for the physical, mental and social development of children. For example, physically active play opportunities were often reduced, education was often delivered through screen technologies, and children were often unable to visit their grandparents. The sudden reliance on MTSDs to support children in isolation exposed the limitations of guidelines that are time-based, and reinforced the need for more useful guidance about how to use these devices wisely.

Conclusion {#Sec23}
==========

Mobile touch screen device use is now a substantial exposure for many young children. Parents and professionals interested in child health, well-being and development need support on wise ways for young children to use this new generation of technology as they disentangle the complex techno-microsystem. The evidence to support such guidance requires reliable and valid assessments of child (and parent) technology use, by device and purpose, which the TechU-Q now provides. Future guidelines will be able to provide more informative and relevant advice to parents and professionals involved in childcare, health and development based on a better understanding of the nature of use and associated outcomes.
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